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Summary
Objective: The recent recognition of the correlation of the hipekneeeankle angle (HKA) with femuretibia angle (FTA) on a standard knee
radiograph has led to the increasing inclusion of FTA assessments in OA studies due to its clinical relevance, cost effectiveness and minimal
radiation exposure. Our goal was to investigate the performance metrics of currently used methods of FTA measurement to determine whether
a speciﬁc protocol could be recommended based on these results.
Methods: Inter- and intra-rater reliability of FTA measurements were determined by intraclass correlation coefﬁcient (ICC) of two independent
analysts. Minimal detectable differences were determined and the correlation of FTA and HKA was analyzed by linear regression. Differences
among methods of measuring HKA were assessed by ANOVA.
Results: All ﬁve methods of FTA measurement demonstrated high precision by inter- and intra-rater reproducibility (ICCs 0.93). All ﬁve
methods displayed good accuracy, but after correction for the offset of FTA from HKA, the femoral notch landmark method was the least
accurate. However, the methods differed according to their minimal detectable differences; the FTA methods utilizing the center of the
base of the tibial spines or the center of the tibial plateau as knee center landmarks yielded the smallest minimal detectable differences
(1.25 and 1.72, respectively).
Conclusion: All methods of FTA were highly reproducible, but varied in their accuracy and sensitivity to detect meaningful differences. Based
on these parameters we recommend standardizing measurement angles with vertices at the base of the tibial spines or the center of the tibia
and comparing single-point and two-point methods in larger studies.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Lower extremity alignment measurements are utilized by
both Orthopaedists and Rheumatologists. The gold stan-
dard measure of alignment is the hipekneeeankle angle
(HKA or mechanical axis) assessed on a full-limb radio-
graph. Severity of knee malalignment is a potent risk factor
for osteoarthritis (OA) progression, and varus malalignment
is a risk factor for incident OA1. Orthopaedic Surgeons rely
on accurate preoperative assessment of lower extremity
alignment to plan the extent of surgery and for prognosis
of surgical therapies such as high tibial osteotomy and
some cases of knee arthroplasty2. Long-limb X-rays also
allow measurement of other important alignment features
in OA3. In these circumstances, the beneﬁts of HKA out-
weigh its cumbersome features, namely radiation exposure
and need for specialized equipment.
In a research setting, HKA provides a quantitative and
potent risk factor for OA progression and a predictor of func-
tional decline4. An alternative approach has been sought
that would provide valid knee alignment information without*Address Correspondence and reprint requests to: Virginia Byers
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273the radiation, costs and inconvenience of HKA, thereby
facilitating the evaluation of alignment in epidemiologic
studies. The femuretibia angle (FTA or anatomic axis), cor-
relates with HKA5. FTA is readily measured from a standard
knee radiograph typically obtained as a regular practice
in OA studies for subject classiﬁcation and is thus cost-
effective. The radiation exposure from a standard knee
radiograph is 3 millirems, compared with 51 millirems and
15 millirems for standard and digital long-limb X-rays, re-
spectively. FTA can be applied retrospectively, adding valu-
able information to studies lacking full-limb radiographs.
FTA has also been shown to predict risk of incident1, and
progressive1,6,7 knee OA.
Consensus regarding the optimal FTA Method has not
been reached. Previous relevant studies are summarized
in Table I. Our goal was to compare the precision, accuracy,
and minimal detectable differences of the most common
methods of measuring FTA, distinguished by the choice of
landmark(s) at the center of the knee. In his seminal article
on alignment, Moreland identiﬁed ﬁve knee center land-
marks8. For FTA, we tested three of these landmarks
(Methods AeC), another single-point method (Method-D),
and a two-point method based on two of these landmarks
(Method-E). We hypothesized that a comparative assess-
ment would provide the evidential means to recommend
a speciﬁc protocol for optimization and standardization of
FTA measurements.
Table I
Summary of studies involving mechanical (HKA) and anatomic (FTA) axis measurements




50 Alignment in normal men A Cited as a possible landmark
for center of knee
Moreland8
B: Base of the
tibial spines
57 Alignment by radiographic and
physical examination
B B FTA and HKA were correlated
r¼ 0.75, P< 0.0001
Kraus5
162 Predictive validity of FTA for OA
progression
B Valgus FTA predicted lateral
joint space narrowing (JSN)
progression (OR 6.34); varus
FTA predicted medial JSN
progression (OR 2.71)
Chimata6
40 Alignment by radiographic and
physical examination
B E FTA and HKA were correlated
r¼ 0.88, P< 0.001
Hinman19
121 Relationship of alignment and
Knee OA features
B Compartment speciﬁc features
of knee OA associated with
malalignment
Teichtal20
1501 Alignment and incident Knee OA B Varus alignment increased risk
of incident knee OA (OR 2.06)
Brouwer1
146 FTA/HKA Alignment and
compartment speciﬁc Knee OA
by MRI
B E FTA/HKA r¼ 0.86; association
of alignment and OA features
comparable for FTA and HKA
Issa21
C: Center of the
tibial plateau
50 Alignment in normal men C Summary of landmarks for
knee alignment
Moreland8
D: Tips of the tibial
spines
46 Computer assisted software
measuring FTA
D Interobserver CV%¼ 0.72 Wong22
E: Two-Point:
femoral notch and
base of the Ttibial
spines
8 Impact of limb rotation, ﬂexion,
weight-bearing, technologist, and
positioning device on HKA
E Recommended controlling
lower limb rotation for HKA
measures
Siu13
223 Alignment and knee OA
progression
E Malalignment associated with
compartmental knee OA
Sharma4
14 Editorial: call for standardized
measurement




24 Testeretest reliability of HKA from
long-limb ﬁlms with and without
a knee positioning device
E Intra- and intereobserver
variation 1.2(e1.3( (at the
95% CI) for the two methods
Sanfridsson14
80 HKA variation of healthy knees
due to femoral tibial rotation in 20(
ﬂexion and in extension
E HKA 2.82( (SD 2.71() varus in
semiﬂexion; 2.08( (SD 2.51()
varus in extension; recommen-
ded HKA be performed in
a semiﬂexed position
Sanfridsson15
143 Correlation of FTA/HKA E FTA/HKA r¼ 0.66e0.68,
P< 0.001; odds of medial
knee OA progression by HKA
4.82, by FTA 3.00e4.25
Felson7
183 Predictive validity of FTA/HKA for




28 Validation of computer assisted
software measuring HKA
E* Minimal detectable change
using computer assisted
software 0.4( vs 1.6( using
computerized manual
measurement tools to assess
alignment
Goker16
Two-Point Methods 68 Comparison of two different
two-point FTA methods
E Mid-diaphyseal lines: good
intra- (0.77) but poor inter-
(0.37) observer agreement,
good HKA correlation
(r¼ 0.65, P< 0.0001); femoral
notch/center of knee joint:
good intra- (0.89) and inter-
(0.79) observer agreement, but
low HKA correlation
(r¼ 0.34, P¼ 0.005)
Raaij6
CT of the lower limb
and alignment
measurement
20 To clarify the effects of rotation on
two-dimensional measurement of










Limb rotation affects the
measurement of limb




N¼ number of subjects; OR¼ odds ratio; MRI¼magnetic resonance imaging; CV¼ coefﬁcient of variation; E*¼ using manual tools vs F
using computer assisted software.
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275Osteoarthritis and Cartilage Vol. 18, No. 2Subjects and methodsSUBJECTSFemale participants (n¼ 35: 19 knee OA, 16 age-matched non-OA con-
trols) had knee radiographs available for assessment of FTA reproducibility.
These individuals were screened as part of an observational knee OA study
sponsored by Pﬁzer as described previously9. Control individuals had bilat-
eral asymptomatic KellgreneLawrence grade 0 (KL0) knees. Knee OA par-
ticipants (n¼ 50: 43 females, 7 males) with long-limb and knee radiographs
were from two cohorts: the National Institutes of Health-funded Prediction of
Osteoarthritis Progression (POP) observational study of knee OA (n¼ 35)
described previously10, or the Pﬁzer funded observational knee OA study
(n¼ 15). Participants had radiographic (KL grade11 1e3) and symptomatic
(met the American College of Rheumatology criteria) OA of at least one
knee. Overall mean age was 62 years (range 40e79). Participants were
excluded on the basis of inﬂammatory joint diseases, endocrinopathies,
Paget’s disease, neuropathic disorders, avascular necrosis, and arthroscopy
within the prior 6 months. All study procedures were approved by the Duke
Institutional Review Board.IMAGINGRadiographs for FTA were weight-bearing posteroanterior ﬁxed-ﬂexion
knee images obtained using the SynaFlexer lower limb positioning frame
(Synarc, San Francisco). For HKA, two-leg stance weight-bearing anteropos-
terior full-limb (hip to ankle) radiographs were obtained. Participants stood
without footwear, the tibial tubercles facing forward, with the X-ray beam
a distance of 2.4 m from the signal knee. Images were archived through
the Duke Image Analysis Laboratory.ALIGNMENTFig. 1a. Schematic depicting the FTA. One line bisects the femur
FTA and HKA were measured to within 0.1 with Accuimage software
(Diagnostics Corp, San Francisco CA).and a second line bisects the tibia, both originating 10 cm from
the joint. The knee center landmark varied as described in
Fig. 1(b). The angle created by the intersection of the lines is mea-LANDMARKSsured medially.FTA was measured on ﬁxed-ﬂexion knee radiographs and deﬁned as the
angle formed by the intersection of a line bisecting the femur and a line
bisecting the tibia, originating 10 cm from the knee joint surfaces when
included in the radiographic ﬁeld of view; otherwise (n¼ 2 used 7 and
7.7 cms), the furthest possible distance from the knee joint surface was
used [Fig. 1(a)]. A total of ﬁve methods of measuring FTA (Methods AeE)
and six methods of measuring HKA (Methods AeF) were tested, varying ac-
cording to the knee center landmark used as described below [Fig. 1(b)].
Method-A: Single-point ‘‘Center of the Femoral Notch’’-the knee center
landmark is the center of the femoral notch determined visually.
Method-B: Single-point ‘‘Base of the Tibial Spines’’-the knee center land-
mark is the center of the midpoint between the bases of the tibial spines.
Method-C: Single-point ‘‘Center of the Tibia’’-the knee center landmark is
the midpoint of a line connecting the lateral and medial margins of the tibial
plateau (excluding marginal osteophytes).
Method-D: Single-point ‘‘Tips of the Tibial Spines’’-the knee center is
positioned at the midpoint between the tips of the tibial spines.
Methods-E and -F: ‘‘Two-Point’’-requires the location of the center of the
femoral notch, and either the center of the base of the tibial spines (Method-
E), or the center of the tibia (Method-F); these methods create independent
axes for the femur and tibia. The intersection of these two lines may, in some
cases, converge outside the knee, therefore, it is best to use a digital soft-
ware Cobb angle tool, if available, which permits measurement of an angle
subtended by lines that may not intersect within the ﬁeld of view of the
radiograph.
HKA was measured on full-limb radiographs. HKA was deﬁned as the
angle formed by the intersection of a line from the center of the head of
the femur (identiﬁed by the focal point of three equidistant radii positioned
on the cortical margins of the femoral head) to the knee center landmark;
and a second line from the center of the ankle talus to the knee center land-
mark. For correlational analyses with FTA, HKA was measured using the
knee center landmark of Method-B (base of the tibial spines). For correla-
tional analyses among HKA methods, HKA angles were also derived by all
the other methods (A, CeF) for a subset of the ﬁlms (n¼ 15).STATISTICAL ANALYSESInter- and intra-rater reliability of FTA measurements was determined by
intraclass correlation coefﬁcients (ICCs) for all ﬁve methods (AeE). For
inter-rater reliability, two analysts measured FTA on 35 knee radiographs.
For intra-rater reliability, FTA and HKA were remeasured more than 1
week later by one analyst. All measurements were performed on oneradiograph before beginning measurements on another. The smallest differ-
ence in FTA distinguishable from measurement error was quantiﬁed by the
minimal detectable difference (1.96 standard deviation of the difference
of the analysts’ measurements)12. The accuracy of FTA was assessed by
Pearson correlation to HKA. The offset of FTA from HKA was determined
based on linear regression, deﬁned as degrees of difference between FTA
and HKA 180. After correcting FTA (corrected FTA or cFTA) for mean offset
from HKA, the residual offset of cFTA from HKA was calculated. All statistical
analyses were performed with JMP software (SAS, Cary, NC) and GraphPad
Prism (version 4, San Diego, CA). Repeated measures ANOVA and Tukey’s
post hoc Multiple Comparison Test were used to assess differences of the
mean angles derived from the various methods of HKA measurement.ResultsPRECISIONAll ﬁve methods of FTA measurement demonstrated high
precision with ICCs for inter-rater reproducibility 0.93e0.96.
Intra-rater reproducibility was high for all FTA methods (ICC
0.95e0.99) (Table II), and HKA measurement (ICC 0.99).
The smallest minimal detectable differences were produced
by Method-B (1.25) and Method-C (1.72).ACCURACYAll ﬁve FTA methods produced values that correlated sig-
niﬁcantly with HKA. The strongest correlation was achieved
for Method-B (r¼ 0.65, P< 0.0001) (Table II). The amount
of offset from HKA varied from 1.5 to 3.7. Upon correction
for mean offset, the cFTA should equal HKA. Methods-B
and -C demonstrated the smallest residual offset indicating
they were the most accurate for approximating HKA.
Method-A was the least accurate (Table II).
Fig. 1b. Knee center landmarks for measuring knee alignment. The
central landmarks for FTA and HKA angles were (A): single-point at
the center of the femoral notch; (B): single-point at the center and
base of the tibial spines; (C): single-point at the midpoint of the tibia
deﬁned by a line connecting the lateral and medial margins of the
tibial plateau (excluding marginal osteophytes); (D): single-point
at the midpoint between the tips of the tibial spines; (EeF): two-
point methods with center points at the center of the femoral notch
and the center and base of the tibial spines (E) or center of the tibial
plateau (F).
276 G. McDaniel et al.: Comparison of methods of FTA measurementEVALUATION OF OTHER HKA METHODSHKA was measured on a subset of long-limb X-rays
(n¼ 15) to compare the mean and range of values gener-
ated using the knee center landmarks from Methods AeF.
The various HKA methods were not signiﬁcantly different
by Repeated Measures Analysis of Variance (ANOVA)Table I
Reproducibility of FTA by five methods of meas
A B
Range of FTA in degrees 170.0(e193.0( 172.7(e1
Inter-rater ICC 0.95 0.96
Intra-rater ICC 0.99 0.98
Mean difference between analysts
(SD) in degrees
0.6( (1.1() 0.3( (0.6(
Minimal Detectable Difference in
degrees (95% CI)
2.13( (1.6e2.7) 1.25( (0
Correlation with HKA Pearson r (P value) 0.50 (0.0003) 0.65 (<0.
Offset of FTA from neutral
HKAemean degrees*
1.6( 3.7(
Residual offset of cFTA from
HKA e mean degrees (SD)y
1.4( (3.8() 0.3( (2.9)
*Offset of FTA in valgus direction.
yOffsets in the varus () and valgus (þ) directions.with the exception of HKA Method-A (center of the femoral
notch landmark), which was signiﬁcantly different from the
other methods (P< 0.05). In addition, an exploratory analy-
sis was performed to assess the correlation of FTA and
HKA within a method, and was strongest and signiﬁcant
for the two methods based on tibial spine landmarks,
Methods-B and -D (Method-B: r¼ 0.68, P¼ 0.007;
Method-D r¼ 0.65, P¼ 0.013). The correlation by Method-
C was borderline signiﬁcant (r¼ 0.52, P¼ 0.06). The FTA
to HKA correlations for Methods-A and -E were not signiﬁ-
cant (Method-A: r¼ 0.25, P¼ 0.39; Method-E: r¼ 0.40,
P¼ 0.16) suggesting greater imprecision in the
measurements.Discussion
All methods of measuring FTA were highly reproducible
and yielded signiﬁcant correlation with HKA; however,
Method-B, whose knee center landmark was the base of
the tibial spines, was the only method having the smallest
minimal detectable difference, highest correlation with
HKA, and smallest residual offset from HKA when corrected
for the mean systematic offset. Method-C was a close
second best but was fourth with respect to correlation with
HKA.
There are difﬁculties inherent in each FTA method and
testeretest reliability and variation due to rotation and ﬂex-
ion have not been evaluated as has been done on a limited
basis for HKA13e15. The positioning device we used stan-
dardized knee ﬂexion and limb rotation (10 external foot
rotation) and would be expected to minimize testeretest
variation. In Methods-A, -E and -F, rotation of the femur
can create the impression of femoral notch asymmetry
which can also be overcome by standardized positioning.
In Methods-B, -D, and -E, indistinct tibial spines or spine os-
teophytes can create added difﬁculty locating the interspine
midpoint. Method-C necessitates the exclusion of marginal
tibial osteophytes. Subluxation of the femur and tibia can
prevent intersection of the anatomic axes within the ﬁeld
of view of a standard radiograph, making accurate manual
two-point (Methods-E and -F) measurement impossible.
However, the digital software Cobb Angle tool can provide
FTA measurements under these circumstances, enabling
capture of potentially useful information on the individual
contribution of each bone to alignment.I
urement and correlation with HKA angle
FTA method
C D E
90.3( 173.7(e186.9( 172.9(e190.5( 172.3(e192.2(
0.95 0.95 0.93
0.95 0.96 0.93
) 0.1( (0.9() 0.5( (1.2() 0.5( (1.1()
.9e1.6) 1.72( (1.6e1.7) 2.37( (1.9e2.8) 2.08( (1.5e2.6)
0001) 0.55 (<0.0001) 0.64 (<0.0001) 0.59 (<0.0001)
1.5( 2.7( 2.8(
0.3( (3.0) 1.0( (2.9) 0.5( (3.3()
277Osteoarthritis and Cartilage Vol. 18, No. 2The small sample size is a limitation of this study. Future
study of a larger independent cohort would be valuable to
evaluate the generalizability of the recommendations pro-
posed here. The use of a single HKA method as the gold
standard was also a limitation, however, ANOVA did not
demonstrate a signiﬁcant difference among HKA methods
with the exception of Method-A. An exploratory analysis,
comparing within a method, suggested that Methods-B, -D
and -C were superior to -A and -E but this requires conﬁr-
mation in a larger study. Although the intra-rater reliability
was high, the measurements by a reader were taken for
all methods before moving to the next ﬁlm. This may have
introduced reader bias that could have inﬂated the correla-
tion among methods. All radiographs were digital, enabling
use of software for FTA and HKA measurements. Our con-
clusions would likely apply to manual FTA measurement as
others have noted good agreement between alignment
measurements from ‘‘hard copy’’ and digital radio-
graphs16,17. A noted strength of the study was the use of
a positioning device that standardized knee ﬂexion and
limb rotation, thus minimizing a potent source of potential
technical variation in alignment measures as noted
previously13,18.
In summary, FTA provides useful information for OA
epidemiological research. For OA research, we recommend
a standardized procedure for FTA, and ideally HKA, that im-
ages the knee in ﬂexion and restrains limb rotation. Based
on these results, Method-B or -C is recommended. We
also recommend further evaluation of Method-E, in com-
mon use in OA related research, to permit further compari-
son of single- and two-point methods in a larger study.
A future larger study to evaluate the capability of FTA for
predicting OA incidence or progression may help to identify
a clear winner.Conﬂict of interest
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